Introduction {#s1}
============

Many countries are faced with the problem of an aging population. An older population results in a significant increase in the number of people living with bone deformities as a consequence of bone fracture, tumor, infection and osteoporosis [@pone.0056002-Levi1], [@pone.0056002-Li1], and this also has wide-ranging socio-economic impacts.

Recently, bone tissue engineering based on human adipose-derived stromal cells (hASCs) has been considered as a promising alternative to traditional treatment options for bone deformities [@pone.0056002-Liu1]--[@pone.0056002-Hong1]. hASCs, as a readily available, abundant supply of mesenchymal stem cells (MSCs) with minimum donor site morbidity, have been demonstrated by many studies to have osteogenic ability *in vitro* and *in vivo* [@pone.0056002-Liu1], [@pone.0056002-Zhou1], and offer exciting opportunities to improve the quality of life of aging people suffering from bone diseases.

However, though the clinical use of hASCs for bone tissue engineering has been reported in a few studies and case reports, large human clinical trials are presently lacking [@pone.0056002-Levi1] and many problems need to be solved before their widespread application.

Harvested populations of hASCs are a heterogeneous mixture of different cell types [@pone.0056002-Amos1]. To study the properties of hASCs, it seems reasonable to first purify the cells. However, there is little evidence that hASCs purified by flow cytometry have higher osteogenic potential. Another problem is the necessity of *in vitro* pre-osteoinduction (OI) before *in vivo* implantation. Some researchers take it for granted that pre-OI is an indispensable step in the acquisition of osteogenic capability by hASCs [@pone.0056002-Hong1]--[@pone.0056002-Cheng1]. However, few studies to date have provided solid evidence that *in vitro* pre-OI increases the osteogenic capability of hASCs *in vivo*. Moreover, the process of *in vitro* pre-OI prolongs the time spent by hASCs in culture and increases the risks of contamination and changes in the cells\' biological behavior.

In this study, we purified hASCs by flow cytometric cell sorting (FCCS), compared the osteogenic potential of hASCs and purified hASCs, and determined the necessity of pre-OI through systematic experiments conducted *in vitro* and *in vivo*.

Results {#s2}
=======

hASCs express specific MSC surface markers {#s2a}
------------------------------------------

hASCs were isolated from the adipose tissues of two patients. The multi-lineage potential of the hASCs was verified (data not shown) by the methods described in previous studies [@pone.0056002-Liu1], [@pone.0056002-Zhou1], [@pone.0056002-Zuk1]. hASCs of the third passage (P3) expressed the MSC-specific surface markers CD44, CD73, CD90 and CD105, but did not express CD45 or HLA-DR ([Fig. 1](#pone-0056002-g001){ref-type="fig"}), which are specific markers of hematopoietic cells.

![Passaged human adipose-derived stromal cells (hASCs) express mesenchymal stem cell (MSC)-specific surface markers.\
hASCs of the third passage (P3) expressed the MSC-specific surface markers CD44, CD73, CD90 and CD105, but did not express CD45 or HLA-DR, which are hematopoietic cell-specific markers. Isotype controls (Iso) were used in all flow cytometry experiments.](pone.0056002.g001){#pone-0056002-g001}

Purification of hASCs by flow cytometry {#s2b}
---------------------------------------

Purified hASCs positive for all four of the surface markers CD44, CD73, CD90 and CD105 were isolated from P3 hASCs by FCCS ([Fig. 2](#pone-0056002-g002){ref-type="fig"}). The purified hASCs were then passaged twice before the following experiments were performed. Unpurified P3 hASCs were also passaged and cultured using the same methods as for the purified hASCs.

![Purification of human adipose-derived stromal cells (hASCs) by flow cytometric cell sorting.\
Purified hASCs positive for all four of the mesenchymal stem cell-specific markers CD44, CD73, CD90 and CD105 were isolated from hASCs (third passage) by flow cytometry.](pone.0056002.g002){#pone-0056002-g002}

Comparison of proliferative capacity of hASCs and purified hASCs {#s2c}
----------------------------------------------------------------

To compare the proliferative capacities of hASCs and purified hASCs, the two types of cell were counted daily from day 1 to day 6 ([Fig. 3](#pone-0056002-g003){ref-type="fig"}). These counts demonstrated no significant differences in their proliferative capacity at any time during cell proliferation (*P*\>0.05).

![Growth curves for human adipose-derived stromal cells (hASCs) and purified hASCs.\
There were no significant differences in the proliferative capacities of the two cell types during day 1 (d1) to day 6 (d6) (*P*\>0.05).](pone.0056002.g003){#pone-0056002-g003}

Comparison of osteogenesis-associated gene expression and protein secretion by hASCs and purified hASCs {#s2d}
-------------------------------------------------------------------------------------------------------

We examined the two cell types\' expression of osteogenic genes such as Runt related transcription factor 2 (RUNX2), Osterix (OSX), Type I Collagen (COL1A1) and Osteocalcin (OCN) by real-time quantitative reverse transcription (qRT)-PCR. We found no significant differences (*P*\>0.05) in the mRNA levels of these genes between hASCs and purified hASCs at 0, 3, 7 and 14 days after OI ([Fig. 4A](#pone-0056002-g004){ref-type="fig"}). The osteogenesis-associated secretion of OCN protein was also determined by radioimmunoassay. We found no significant difference (*P*\>0.05) in OCN secretion between hASCs and purified hASCs at 24, 48 and 72 hours after OI ([Fig. 4B](#pone-0056002-g004){ref-type="fig"}).

![Osteogenesis-associated gene expression and protein secretion by human adipose-derived stromal cells (hASCs) and purified hASCs.\
A) There were no significant differences in the mRNA levels of Runt related transcription factor 2 (RUNX2), Osterix (OSX), Type I Collagen (COL1A1) or Osteocalcin (OCN) between hASCs and purified hASCs at 3, 7 or 14 days after osteogenic induction (*P*\>0.05). B) There was no significant difference in OCN secretion between hASCs and purified hASCs at 24, 48 or 72 hours after osteogenic induction (*P*\>0.05).](pone.0056002.g004){#pone-0056002-g004}

Comparison of osteogenic potential of hASCs and purified hASCs *in vitro* {#s2e}
-------------------------------------------------------------------------

To compare the osteogenic potential of hASCs and purified hASCs *in vitro*, the cells were induced in osteogenic medium (OM) for 7 days or 14 days. Alkaline phosphatase (ALP) staining, Alizarin Red staining, ALP activity assay and quantitative Alizarin Red assays were then performed to assess the osteogenic potential of the cells. Positive results for ALP staining ([Fig. 5A](#pone-0056002-g005){ref-type="fig"}) and Alizarin Red staining ([Fig. 5B](#pone-0056002-g005){ref-type="fig"}) confirmed the osteogenic potential of both hASCs and purified hASCs. Human fibroblasts were used as negative controls and human bone marrow MSCs (hBMMSCs) as positive controls. ALP activity assay ([Fig. 5C](#pone-0056002-g005){ref-type="fig"}) showed the ALP activities of both hASCs and purified hASCs to be significantly elevated after 7 days of OI (*P*\<0.05). However, there were no significant differences (*P*\>0.05) between hASCs and purified hASCs or between hASCs that underwent OI (hASCs+OI) and purified hASCs that underwent OI (purified hASCs+OI). Quantitative Alizarin Red assay ([Fig. 5D](#pone-0056002-g005){ref-type="fig"}) showed the mineralization activity of both hASCs and purified hASCs to be significantly increased after 14 days of induction in OM (*P*\<0.05), but there were no significant differences between hASCs and purified hASCs or between hASCs+OI and purified hASCs+OI (*P*\>0.05). In addition, we found that after 7 days of OI, the ALP activities of both hASCs and purified hASCs were significant lower than that of hBMMSCs (*P*\<0.05). After 14 days of OI, the mineralization activity of both hASCs and purified hASCs were slightly lower than that of hBMMSCs; however, the difference was not significant (*P*\>0.05).

![Osteogenic potential of human adipose-derived stromal cells (hASCs) and purified hASCs *in vitro*.\
A) hASCs and purified hASCs stained positive for alkaline phosphatase (ALP) after 7 days of osteoinduction (OI). The scale bar represents 100 µm. B) hASCs and purified hASCs were positive for Alizarin Red staining after 14 days of OI. The scale bar represents 100 µm. C) The ALP activities of hASCs, purified hASCs and hBMMSCs were significantly elevated after 7 days of OI; however, the ALP activities of both hASCs and purified hASCs were significantly lower than that of hBMMSCs (*P*\<0.05). There were no significant differences between hASCs and purified hASCs or between hASCs+OI and purified hASCs+OI. D) The mineralization activities of hASCs, purified hASCs and hBMMSCs were significantly increased after 14 days of OI. There were no significant differences between hASCs and purified hASCs or between hASCs+OI and purified hASCs+OI. ^\*^ *P*\<0.05 compared with hASCs without OI; ^\*\*^ *P*\<0.05 compared with purified hASCs without OI; ^\*\*\*^ *P*\<0.05 compared with hBMMSCs without OI; ^\#^ *P*\<0.05 compared with hBMMSCs after 7 days of OI.](pone.0056002.g005){#pone-0056002-g005}

Comparison of *in vivo* bone formation capability of hASCs, purified hASCs, hASCs+OI and purified hASCs+OI {#s2f}
----------------------------------------------------------------------------------------------------------

To compare *in vivo* bone formation capabilities and to determine the function of *in vitro* pre-OI, hASCs, purified hASCs, hASCs+OI and purified hASCs+OI were transplanted subcutaneously into nude mice along with β-tricalcium phosphate (β-TCP). Blank controls and fibroblast controls were used in this experiment. Gross observation and soft X-ray examination showed that hASCs, purified hASCs, hASCs+OI and purified hASCs+OI could all form bone-like tissues with a relatively higher density than blank controls and fibroblast controls ([Fig. 6A](#pone-0056002-g006){ref-type="fig"}).

![*In vivo* bone formation by human adipose-derived stromal cells (hASCs).\
A) Gross observation and soft X-ray examination showed that hASCs, purified hASCs, hASCs that had undergone osteoinduction (OI) (hASCs+OI) and purified hASCs+OI formed bone-like tissues of relatively higher density than blank controls and fibroblast controls. B) Hematoxylin and eosin staining showed bone-like tissues with the typical structure of osteocyte lacunae in all four groups 4 weeks after implantation. The scale bar represents 50 µm. C) Eight weeks after implantation, the area of bone formation was larger in all four groups. The scale bar represents 50 µm. D) Quantitative measurements of bone-like tissues demonstrated that, 4 weeks after implantation, the area of bone formation was significantly increased in hASCs+OI and purified hASCs+OI compared with hASCs and purified hASCs without OI. However, 8 weeks after implantation there were no significant differences among the four groups. ^\*^ *P*\<0.05 compared with hASCs without OI; ^\#^ *P*\<0.05 compared with purified hASCs without OI.](pone.0056002.g006){#pone-0056002-g006}

Following hematoxylin and eosin staining (data for blank controls and fibroblast controls are not shown), eosinophilic bone-like tissues with the typical structure of osteocyte lacunae were observed in hASCs, purified hASCs, hASCs+OI and purified hASCs+OI 4 weeks after implantation ([Fig. 6B](#pone-0056002-g006){ref-type="fig"}). Quantitative measurements demonstrated that the area of bone formation was significantly increased in hASCs+OI and purified hASCs+OI compared with hASCs and purified hASCs without pre-OI (*P*\<0.05); there were no significant differences between hASCs and purified hASCs or between hASCs+OI and purified hASCs+OI ([Fig. 6D](#pone-0056002-g006){ref-type="fig"}, *P*\>0.05). Eight weeks after implantation, the areas of bone formation were markedly larger in hASCs, purified hASCs, hASCs+OI and purified hASCs+OI ([Fig. 6C](#pone-0056002-g006){ref-type="fig"}); interestingly, there were no significant differences among the four groups ([Fig. 6D](#pone-0056002-g006){ref-type="fig"}, *P*\>0.05).

Discussion {#s3}
==========

Like bone marrow MSCs, ASCs have extensive osteogenic capacity both *in vitro* and *in vivo* in several species, greatly enhancing the healing of bone defects [@pone.0056002-Zuk1]--[@pone.0056002-Hong1], [@pone.0056002-Monaco1]--[@pone.0056002-Correia1]. The use of scaffolds in combination with hASCs provides a valuable tool for bone regeneration [@pone.0056002-Ying1]--[@pone.0056002-Kang1], especially in patients with complex anatomic defects. However, before the extensive clinical application of hASCs, a series of standard protocols should be established and many questions should be definitively answered, including whether flow cytometric cell purification and *in vitro* pre-OI are requirements for *in vivo* bone formation by hASCs.

As reported in other studies, hASCs are not a pure cell population. Instead, they comprise a mixture of different cell types including MSCs, adipose progenitor cells, endothelial progenitor cells and fibroblasts [@pone.0056002-Levi1], [@pone.0056002-Amos1], [@pone.0056002-Locke1]. Previous studies have made efforts to purify hASCs by flow cytometry [@pone.0056002-Rada1], [@pone.0056002-AlBattah1]; CD44, CD73, CD90 and CD105 are well accepted markers identifying MSCs [@pone.0056002-AlBattah1]--[@pone.0056002-McIntosh1] and can be used to purify hASCs. However, for the purpose of clinical use of hASCs, FCCS is a complicated and expensive technique that is difficult to apply extensively. Moreover, there are no solid data from previous studies supporting the contention that purified hASCs have better osteogenic capability *in vivo*. In the present study, purified hASCs positive for all four of the surface markers CD44, CD73, CD90 and CD105 were isolated by flow cytometry.

In subsequent *in vitro* experiments, we found no notable differences in osteogenic gene expression or protein secretion between hASCs and purified hASCs. Consistently, ALP activity and quantitative Alizarin Red assays showed no significant differences between the two cell types. In *in vivo* experiments, both hASCs and purified hASCs formed ectopic bone structures under the skin of nude mice and quantitative measurements showed no significant differences between hASCs and purified hASCs with or without *in vitro* pre-OI at 4 weeks or 8 weeks after transplantation.

These results suggest that unpurified hASCs have similar osteogenic potential to hASCs purified by FCCS. This may be because MSCs in unpurified hASCs can out-compete other cell populations over time under *in vitro* culture conditions [@pone.0056002-Locke1]. Considering the cost and complicated procedure required for FCCS, the finding that flow cytometric cell purification is not a requirement for *in vivo* bone formation by hASCs will facilitate the clinical application of hASCs in the future.

Pre-OI has been regarded as an indispensable step for *in vivo* bone formation by hASCs [@pone.0056002-Yuan1]--[@pone.0056002-Dudas1]. The *in vitro* experiments in this study demonstrated that OI could indeed increase the osteogenic capacity of hASCs. However, our *in vivo* experiments showed that non-induced hASCs could also form bone structures when transplanted subcutaneously into nude mice. Interestingly, though the area of bone formation was larger for hASCs+OI than for hASCs 4 weeks after transplantation, there was no significant difference between these groups after 8 weeks. Similar results were obtained for purified hASCs and purified hASCs+OI. These findings suggest that pre-OI is not a requirement for *in vivo* bone formation by hASCs.

It has been reported that osteogenic signaling molecules can accumulate in the region of bone defects by paracrine pathways [@pone.0056002-Cowan1]. This may be one reason why hASCs can transform into osteogenic cells *in vivo* without pre-OI. In addition, like hBMMSCs, hASCs can secrete extracellular matrix, which supports a microenvironment that is suitable for the growth of new bone [@pone.0056002-Miyahara1], [@pone.0056002-Phinney1]. It is well known that dexamethasone in classical OM decreases the proliferative activity or differentiation efficiency of MSCs [@pone.0056002-Cooper1], [@pone.0056002-Zuk2]; meanwhile, the process of *in vitro* pre-OI is time consuming and can cause problems including contamination and changes in cell behavior. Niemeyer et al. found that undifferentiated MSCs are candidates for non-autologous cell transplantation, whereas osteogenically induced MSCs seem to be eliminated by the host\'s immune system when ASCs or BMMSCs are used in bone tissue engineering [@pone.0056002-Niemeyer2]. Therefore, omission of pre-OI should markedly improve the safety, efficiency and universality of the clinical application of hASCs.

β-TCP was used as a scaffold material in our *in vivo* experiments because of its suitable mechanical properties and good biological compatibility. Moreover, the ratio of calcium to phosphate in β-TCP is similar to that in natural bone tissues, and it is widely used as a scaffold in bone tissue engineering [@pone.0056002-Coelho1], [@pone.0056002-Morelhao1]. Human fibroblasts were used as negative controls in our *in vitro* and *in vivo* experiments. However, in the Alizarin Red assay, we found weakly positive staining of the fibroblasts after OI. Similar results were reported by Locke et al. [@pone.0056002-Locke1]. The cause of this false positive result may be the lack of specificity of this staining method. hBMMSCs were utilized as positive controls in our *in vitro* study. hBMMSCs are considered to be an effective source of MSCs and have been widely used in bone regenerative medicine for many years [@pone.0056002-Yuan1], [@pone.0056002-Endres1], [@pone.0056002-Cowan1], [@pone.0056002-Niemeyer2], [@pone.0056002-Xu1], [@pone.0056002-Liu2]. In our experiments, we found that the ALP activities of both hASCs and purified hASCs were significant lower than that of hBMMSCs after 7 days of OI; however, there were no significant differences in the mineralization capacities of hASCs and hBMMSCs after 14 days of OI. Regarding *in vivo* osteogenic capability, Cowan et al. [@pone.0056002-Cowan1] demonstrated that ASCs displayed more bone formation than BMMSCs at an early stage of *in vivo* bone regeneration. However, Sakaguchi et al. [@pone.0056002-Sakaguchi1] made opposite findings. Further investigations are needed in the future to provide a definitive answer to this question.

In summary, through systematic *in vitro* and *in vivo* experiments, we can draw the conclusion that neither FCCS nor *in vitro* pre-OI is an indispensable step for *in vivo* bone formation by hASCs. These findings will accelerate the application of hASCs from bench to bed.

Materials and Methods {#s4}
=====================

All materials were purchased from Sigma-Aldrich (St. Louis, MO, USA) unless otherwise stated.

Ethics statement and hASCs harvest {#s4a}
----------------------------------

hASCs were isolated according to previously published methods [@pone.0056002-Zhou3], [@pone.0056002-Ge1]. Briefly, human adipose tissues were obtained with written informed consent from two healthy patients who were undergoing liposuction for esthetic reasons in the plastic surgery hospital affiliated to the Chinese Medical Academy. This study was approved by the Ethics Committee of the Peking University Health Science Center, Beijing, China (IRB00001052-06032) and all animal experiments were performed in accordance with the approved animal protocol of the Peking University Health Science Center. All surgery was performed under sodium pentobarbital anesthesia and all efforts were made to minimize suffering.

The liposuction tissue was washed at least three times with equal volumes of phosphate-buffered saline (PBS) and then digested with 0.075% type I collagenase for 60 min at 37°C with intermittent shaking. The floating adipocytes were separated from the stromal cells by centrifugal force (300×*g*) for 10 min and a cell pellet was obtained. The pellet was resuspended in 160 mM NH~4~Cl and incubated at room temperature for 10 min to lyse contaminating red blood cells. The stromal cells were then collected by centrifugation, filtered through a 100 µm nylon mesh to remove cellular debris and cultured in maintenance medium (Dulbecco\'s Modified Eagle Medium containing 10% fetal bovine serum FBS, 100 U/ml penicillin G and 100 µg/ml streptomycin) at 37°C in an incubator with an atmosphere comprising 95% air, 5% CO~2~ and 100% relative humidity. P3 cells were used for FCCS. All experiments *in vitro* were repeated three times using hASCs from two patients.

A human fibroblast cell line (ATCC, Manassas, VA, USA) was used as a control and cultured in the same maintenance medium as the hASCs.

Flow cytometric analysis and cell sorting {#s4b}
-----------------------------------------

Single hASCs were harvested using trypsin and, following neutralization in 10% serum, resuspended in fluorescence activated cell sorting (FACS) buffer (PBS + 0.5% bovine serum albumin) at a concentration of 10^6^ cells/mL. For each antibody used, 10^5^ cells were stained. Antibodies to CD45-APC, HLA-DR-FITC, CD44-PE, CD73-APC, CD90-FITC and CD105-PerCP-Cy5.5 and isotype control were obtained from BD Biosciences (San Diego, CA, USA). Before staining, the cells were treated with blocking buffer (BD Biosciences) for 10 min. Staining with the appropriate dilution of the antibody was performed for 30 min on ice in blocking buffer. After two washes in FACS buffer, the cells were resuspended in FACS buffer. Analysis and cell sorting were conducted using a FACSAriaII Flow Cytometer with CellQuest software (BD Biosciences).

To obtain purified hASCs, cells were simultaneously stained with CD44-PE, CD73-APC, CD90-FITC and CD105-PerCP-Cy5.5. Strict sorting gates were set based on the isotype control, and the population that was positive for all four of the MSC-specific surface markers (purified hASCs) was sorted into ice-cold 5 mL FACS tubes containing 10% FBS in PBS.

Growth curve {#s4c}
------------

hASCs and purified hASCs were seeded in 24-well plates at a density of 1×10^4^/cm^2^ and four wells of cells were harvested daily from day 1 to day 6. The cells were counted using Vi-cell™ (Beckman Coulter, Germany) and growth curves were obtained according to cell number (mean±standard deviation).

Cell differentiation assay {#s4d}
--------------------------

hASCs, purified hASCs and fibroblasts were grown in osteogenesis inducing medium [@pone.0056002-Liu1] containing 100 µM ascorbic acid, 2 mM β-glycerophosphate and 10 nM dexamethasone. For ALP staining, after 7 days of induction, cells were fixed with 70% ethanol and incubated with a solution of 0.25% naphthol AS-BI phosphate and 0.75% Fast Blue BB dissolved in 0.1 M Tris buffer (pH 9.3). ALP activity assays were performed using an ALP kit according to the manufacturer\'s protocol and normalized to total protein concentrations. To assess mineralization, cells were induced for 14 days, fixed with 70% ethanol and stained with 2% Alizarin Red. To quantitatively determine calcium mineral density, Alizarin Red was destained with 10% cetylpyridinium chloride in 10 mM sodium phosphate for 30 min at room temperature. The concentration was determined by measurement of absorbance at 562 nm on a multiplate reader using a standard calcium curve prepared with the same solution. The final calcium levels in each group were normalized to the total protein concentrations obtained from duplicate plates.

Real-time qRT-PCR {#s4e}
-----------------

Total RNA was extracted according to the manufacturer\'s protocol (Invitrogen, Carlsbad, CA, USA). Two microgram aliquots of RNA were synthesized using random hexamers and reverse transcriptase according to the manufacturer\'s protocol (Invitrogen). Real-time quantitative PCR reactions were performed using a QuantiTect SYBR Green PCR kit (Qiagen, Venlo, Netherlands) and the Icycler iQ Multi-color Real-time PCR Detection System. The primers were synthesized by Invitrogen and are listed in [Table 1](#pone-0056002-t001){ref-type="table"}. To control for variability in amplification owing to differences in starting mRNA concentration, glyceraldehyde 3-phosphate dehydrogenase was used as an internal standard.

10.1371/journal.pone.0056002.t001

###### Sequences of primers used for real-time PCR.

![](pone.0056002.t001){#pone-0056002-t001-1}

  Gene            Forward primer            Reverse primer
  ---------- ------------------------- ------------------------
  *RUNX2*     TCTTAGAACAAATTCTGCCCTTT   TGCTTTGGTCTTGAAATCACA
  *OSX*        CCTCCTCAGCTCACCTTCTC      GTTGGGAGCCCAAATAGAAA
  *COL1A1*     TTGCTCCCCAGCTGTCTTAT      TCCCCATCATCTCCATTCTT
  *OCN*         CACTCCTCGCCCTATTGGC     CCCTCCTGCTTGGACACAAAG
  *GAPDH*       ATGGGGAAGGTGAAGGTCG     GGGGTCATTGATGGCAACAATA

Detection of osteocalcin secretion {#s4f}
----------------------------------

For the quantitative determination of OCN protein secretion by hASCs and purified hASCs, an osteocalcin ^125^I radioimmunoassay kit (Chinese Institute of Atomic Energy, Beijing, China) was used. This assay is based on a competitive reaction among ^125^I human OCN, sample (culture medium) OCN, and rabbit antihuman OCN antibodies (polyclonal). After incubation at 4°C for 20 h, separation solution (a complex of donkey antirabbit antibodies, rabbit serum, and polyethylene glycol) was added to each reaction tube. After incubation for 15 min at room temperature and centrifugation for 15 min at 4°C, the counts per minute (cpm) values of the deposits were determined by counting machine. The OCN contents was then calculated according to a standard curve.

Subcutaneous transplantation in nude mice {#s4g}
-----------------------------------------

Transplantation in nude mice was performed as described previously [@pone.0056002-Ge1]. Briefly, 2×10^6^ cells were mixed with 40 mg of β-TCP carrier (Bicon, Boston, MA, USA) and then transplanted subcutaneously into the dorsa of 8-week-old nude mice. Six transplantation sites were prepared in each mouse and transplanted with six groups of cells: (1) β-TCP only (blank control); (2) β-TCP + human fibroblasts (fibroblast control); (3) β-TCP + hASCs (hASCs); (4) β-TCP + purified hASCs (purified hASCs); (5) β-TCP + hASCs with OI (hASCs+OI); and (6) β-TCP + purified hASCs with OI (purified hASCs +OI). Sixteen nude mice were used in this experiment; samples were collected from eight mice at 4 weeks after transplantation and from the remaining eight after 8 weeks. Sample preparation and histomorphometric analysis were performed as described previously [@pone.0056002-Fan1]. For quantification of bone-like tissue, 10 images of each sample were taken randomly (Olympus, Tokyo, Japan) and SPOT 4.0 software (Diagnostic Instruments, Sterling Heights, MI, USA) was used to measure the area of new bone formation versus total area.

Statistical analysis {#s4h}
--------------------

Data are expressed as the mean±standard deviation and analyzed using SPSS software. Student\' *t*-test or one-way analysis of variance followed by Fisher\' least significant difference test was performed. For all tests, statistical significance was accepted at *P*-values lower than 0.05.
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